Materials and Methods

Collection of peritoneal mast cells
Male albino rats (200-300g) of the Wistar strain were bled by severing the carotid arteries under ether anesthesia and 10ml of buffered physiological solution (NaCl, 154 mM; KCl, 2.7mM; CaCl2, 0.9mM; 1/10 volume of 0.1M phosphate buffer, pH 7.2) were injected into the peritoneal cavity. After gentle massage for 2min of the gut through the abdominal wall, the wall was incised along the midvental line and the fluid from the peritoneal cavity was sucked off and pipetted into 15ml conical glass tubes,
The sediment thus obtained generally gave a mast cell count of 5-6% against the total cell number. For the study of the normal mast cell the sediment was fixed immediately as described below.
Treatment with histamine liberators
Use was made of compound 48/80 (provided by Burrough Wellcome & Co., Tuchahoe, N. Y.), sinomenine hydrochloride (Shionogi Pharmaceutical Co.), toluidine blue-O (Merck) and rabbit anti-rat serum (SAEKI, 1964) . These substances were dissolved in the above mentioned physiological solution to make required concentrations as ing in the centrifugation tubes were added to 2ml of these solutions and mixed, then and the resulting sediments were fixed for electron microscopic examination.
Treatment with histamine-release inhibitor
The sediment of the peritoneal washing was mixed with 2ml of the physiological solution containing 2, 4-dinitrophenol (DNP), 10-4M. This concentration was known to be sufficient to inhibit degranulation and histamine release by compound 48/80 from mast cells, when the medium is free of glucose (DIAMANT and UVNAS, 1961; SAEKI, ice bath. Tubes were centrifuged, and sediments were submitted for fixation. Sediments similarly obtained but omitting the incubation with compound 48/80 served as controls.
Histamine determination
The histamine in the supernatants and the corresponding sediments was determined on the atropinized guinea-pig ileum. The sediment fractions were resuspended in the physiological solution. Both fractions were heated in a boiling bath for 3min, and assessed for histamine content.
Preparation
for electron microscopy The cubes were then washed in phosphate buffer (pH 7.2) for 12hrs, post-fixed in a 1%
ascending concentrations of ethanol and propylene oxide to be embedded in Epon 812. Sections cut with glass knives on a Porter-Blum microtome and stained in lead monoxide (KARNOVSKY, 1961) or in lead acetate (MILLONIG, 1961) were observed with a HU-11 and a JEM-7 type electron microscope.
Results
A. Histamine Release Table 1 shows the histamine release by compound 48/80 and three other histaminereleasing agents from peritoneal cell suspensions under conditions corresponding to those in making electron microscopic preparations.
In this table the inhibitory effect, which is virtually complete, of DNP (10-4M) on the histamine-releasing action of 48/80 release which ranges from 1.5 to 4.1%.
B. Normal Mast Cells
The fine structure of rat peritoneal mast cells, which were mingled with numerous eosinophils, some neutrophils, lymphocytes and a few cells of probable mesothelial and fibroblastic origins, essentially corresponded to the previous descriptions of the subcutaneous (FUJITA, 1965) and intraperitoneal mast cells (SINGLETON and CLARK, 1965; BLOOM and HAEGERMARK, 1965; COMBS, 1966; GINSBURG and LAGUNOFF, 1967) of this elliptic or occasional irregular profiles (Fig. 1 ). They were closely enclosed by a memsionally occurred. The granules generally showed, in lead-stained specimens, an electron dense and fine granular texture. It seems worth-while to note, however, that a few mast cells showed a considerable population of granules of coarser, reticular or reticulogranular appearance and of lower electron density (Fig. 2) . Perigranular vacuolation and even a released granule could rarely be found in such cells.
As first pointed out by FUJITA (1965) the smallest visible mast cell granules occurred in the sacs of the Golgi complex (Fig. 1, 2) . They seemed to grow and/or be gathered into a mulberry-like structure (Fig. 2) which developed, within its smoothsurfaced sac, into a mature granule of more homogeneous and condensed appearance. A direct connection of a cistern of rough endoplasmic reticulum to the growing granule sac described by COMBS (1966) was not confirmed. No figure indicating the release of the granules from the cell was encountered in the normal mast cells.
The cytoplasm further contained a moderate number of mitochondria, elements of rough-surfaced endoplasmic reticulum and free ribosomes among the mast cell granules. In the center of the well developed Golgi complex which occupied the paranuclear region there were found a pair of centrioles (Fig. 2) . The cell surface was irregularly covered by microvilli. ules showed only a wide-meshed and partly interrupted net of dense material. Many granules had lost their round contour and some were fused into a larger mass (Fig. 3 ). These alterations in the granules, though recognized only in a part of the cells, essentially corresponded to the description of BLOOM and HAEGERMARK (1965) in the effect of the same dose of compound 48/80. The space between the granule substance and the membrane sac was more or less widened. Some peripheral granules were found facing the pericellular space directly ( Fig. 3 ) but virtually no degranulation was recognized with this dose of compound 48/80. were characterized by more advanced changes indicating swelling and dissolving of the granules than in the preceding one, and more conspicuous perigranular vacuolation and occasional degranulation.
The perigranular vacuoles were enlarged either individually or in such a way that some of them became fused into a large vacuole. Large vacuoles of the latter type, often filling nearly half of the cytoplasmic area in the section, favored the peripheral membrane. This sheet was occasionally interrupted and there the fluid in the vacuoles seemed to communicate to the pericellular space. It deserves to be noticed that the granules varied in the degree of their morphological changes even within a single cell; adjacent to granules whose visible material Fig. 5 .
"Cavity type" cell caused by plasm containing a Golgi area (G) with small granules (arrows), mitochondria (M) and mulberry-like granules remains around the nucleus (N). Some of the granules floating in the cavity show loosened reticular texture (g). The peripheral cytoplasmic sheet (P) Fig. 6 . A cytoplasmic mass remaining at the peripheral region of a cell of "cavity type" lesion. G Golgi complex containing small granules (arrows). C centriol. M mitochondria, P remained only like a loose ball of waste threads, one occasionally found dense granules showing neither apparent changes in the granule texture nor remarkable vaculoles around them. Some cells showed figures of degranulation which will be depicted in the following description of the higher dose administration. A few cells, on the other hand, seemed completely free from the effect of compound 48/80.
The morphological changes described above essentially coincide with the findings of BLOOM and HAEGERMARK (1965) obtained with the corresponding dose of the same substance.
these doses. As compared with the findings with the preceding dose, far more granules were discharged from the cells and the vacuolation of the cytoplasm was more
The cells tended to show either one of two different patterns in vacuolation. The one was represented by cells whose vacuoles were individually enlarged around each granule giving a honeycomb appearance to the cytoplasm. Many of the vacuoles in the periphery opened into the pericellular space and this caused frequent escape of granules from the cell (Fig. 4) (Fig. 5, 6 ). The peripheral cytoplasmic sheet retained most of the micro-
villi. An interruption of this sheet was recognized only rarely in the dose of 1.0 places and only a few granules remained within it. The cavity type cells seemed to exceed the "honeycomb type" in number.
those of the small doses described above. Although the vacuoles which filled the cytoplasm of every mast cell were confluent with each other and the septa of the vacuoles were interrupted and attenuated, the large single vacuole as seen in the "cavity type" cells with the preceding dose did not occur. The majority of the granules were neither enough, most cells were devoid of any figure of degranulation, although some granules directly faced the pericellular space. Discharged granules, if present, remained in the vicinity of the cell.
types of cells were recognized, degranulation occurring mainly in the former. The spicuous also (Fig. 8) .
The changes in the mast cells caused by this substance resembled those caused cells were found and degranulation occurred mainly in the former cells (Fig. 9 ).
4. Anti-rat rabbit serum 10%
Almost every cell showed severe vacuolation and degranulation in this condition.
than in the cases of compound 48/80 administration. A coarse reticular texture and confluence of the granules were more conspicuous. In contrast with the effect of compound 48/80, only the "honeycomb type" vacuolation was recognized. The peripheral vacuoles were ruptured and numerous granules were scattered out of the cell (Fig. 10 ). Many cells were virtually devoid of granules. cells were previously treated with 10-4M concentration of DNP (Fig. 11) . Only rarely cells with granules of lowered density and enclosed in vacuoles were encountered. (unpublished observation) previously recognized no degranulation under the phasecontrast microscope, although he estimated more than 90% of the histamine lost from the cells. The present electron microscopic study has given the answer to this apparently controversial result: the granules floated in the vacuoles which were here and there continuous to the pericellular space, in other words they have become free not out of the cell but within the cell. The present bioassay result, in accordance with the observation by KOMOTO, indicates that 90% of the histamine has been lost from these cells. It has thus become clear that degranulation is neither the essential condition for the release of histamine nor its reliable criterion under the light and electron microscopes. Vacuolation or enlargement of the perigranular spaces into vacuoles, on the other hand, seems to be a more concrete manifestation of the release of histamine. As a matter of fact, the present observations revealed perigranular vacuolation in every experimental case in which histamine release was detected, and these two events appeared to be roughly parallel in extent. It is not known whether the continuity of the vacuoles to the pericellular space is necessary for the release of histamine from the cell, as histamine released in the vacuoles may possibly pass through the cytoplasmic sheets.
The third cytological change which has been thought related to the release of histamine concerns the fine structure of the granules. Lowered electron density and loosened architecture of the granules have repeatedly been described as the morphological criteria of histamine release (HORSFIELD, 1965; BLOOM and HAEGERMARK, 1965 ). The present observation, though it showed a tendency of these "altered granules"
(designation by BLOOM and HAEGERMARK, 1965) to occur more frequently under the experimental conditions causing the release of higher amounts of histamine, also revealinstance, were only inconspicuously altered. On the other hand, the untreated mast cells sometimes contained a considerable population of granules of the "altered" type. It is unknown as yet whether this corresponds, as postulated by BLOOM and HAEGERMARK (1965) , to a possible "spontaneous release" of histamine in untreated mast cells or to some physical or chemical event in the granules not directly related to histamine release. It is to be remembered in this connection that FUJITA (1965) described in the normal subcutaneous mast cells of the rat a large clump of granules of the altered type which he regarded as aged granules. He showed, on the other hand, the occurrence of compact and electron dense granules in the mast cells of the juvenile rat in which vacuolation and degranulation were conspicuous. These and the present findings imply that the relation of the structure of the granules to the release of histamine is still problematical and that the occurrence of the altered type of granules should be referred to in the consideration of histamine release with certain reservations.
Differences in the effects of histamine-releasing factors
Toluidine blue has long been known to stain the mast cell granules metachromatically. The ability of this dye to release histamine was discovered rather recently (SMITH, 1958; RILEY, 1959) . Sinomenine is an alkaloid obtained from a plant Sinomenium acutum REHDER et WILSON and its histamine-releasing effect was established by MAYEDA (1953) . KOMOTO and YAMASAKI (1967) who observed the changes of the rat peritoneal mast cells under the phase-contrast microscope indicated that the administration of and release of 60-80% of the histamine. According to a similar study by YAMASAKI the mast cells and the release of about 80% of the total histamine contained in the cells. These studies further emphasized that the cytological changes brought about by these histamine liberators coincided with those caused by compound 48/80 in that they proceeded very rapidly and that they were inhibited by the presence of DNP and other metabolic inhibitors. The present electron microscopic findings obtained by the use of ble histamine-release activities (cf. Table 1 ). It is thus likely that all these substances act on the mast cell with the same mechanism.
As for the changes in mast cells in antigen-antibody reaction there is available the phase-contrast microscopic observation of SAEKI (1964) on rat peritoneal mast cells affected by 10% anti-rat rabbit serum. He found that the changes in the cells including the formation of large vacuoles and degranulation proceeded much more slowly than in the cases of compound 48/80 and other basic histamine liberators mentioned above. Moreover, the discharged granules appeared conspicuously large as compared with the latter cases. The present electron microscopic observations also confirmed that the pattern of the cytoplasmic and granule changes caused by anti-rat rabbit serum considerably differs from that caused by compound 48/80. These differences seem to imply the possible difference in the mechanisms of the reactions of mast cells to both histamine-releasing agents. It has been postulated that antibodies are bound to the plasma membrane of mast cells and the attachment of antigens to them causes an imbalance in that site which seems to bring about a series of cytological changes including degranulation (HUMPHREY and MOTA, 1959; MOTA, 1959; KELLER and SCHWARZ, 1961) . MOVAT, LOVETT and TAICHMAN (1966) who treated rat cutaneous mast cells with anti-ferritin antibody and then challenged with antigen, recognized the aggregation of the latter on the plasma membrane and on the granule surface. In the present study and SAEKI's study mentioned above, on the other hand, antibody was administered so that it might be bound to the antigen in the cells. The first work along this line seems to be the experiment by WEGELIUS and his co-workers (1955) in which severe degranulation of hamster mast cells was caused by the administration of rabbit anti-hamster serum. In this "reverse type of anaphylaxis" the antigen present in the plasma membrane may likely be first combined with the antibody and this may, by unknown mechanisms not the same as chemicalliberators, trigger the cytological changes and then histamine release.
DNP uncouples the oxidative phosphorization in mitochondria. SAEKI (1964) found that the administration of 10-4M concentration of this substance to the rat mast cells incubated in a medium containing no glucose almost completely inhibited the degranaction of DNP did not work any more when glucose was added to the medium so that ATP might be produced by the glycolytic system (SAEKI, 1964 
